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EVALUATION OF P- V-7 PROPERTIES DATA




BY' KAURli DATE A;,n HIRO]1 IwAC_Agl
   The critical evaluation of the P-V-T data of propane and propene have been 
carried out based upon the experimental data available in litera[ures. All of 
the experimental measurements under high pressure were evaluated in view of 
their reliability and the data were correlated with temperature and pressure. 
The most probahle values and [he supplementary values of [he compressihility 
factor of propane and propene are presented in the Corm of numerical tables 
covering the range of temperature from 248.15 [0 548.15 R aad [hat of pressure 
up to 300x tOsPa for propane. and from 248.15 to 498.1iK and up to 600x IDS 
Pa for propene. The estimated uncertainty of the tabulated values is also pre• 
rented in the tahles.
Introduction
   The evaluation of P-V-T properties of fluids at high pressure has been made as part of the program 
of "High Pressure Data Center of Japan-' organized in the Society of Material Science, Japan, with 
the sponsorship of the Agenty of Science and Technology. In the program, the work for the evaluation 
of P-V-1' properties of gaseous methane, ethane and ethene had already been made and reported pre-
viously in this journal'''-I. Next to them, this work for propane aad propene has also been performed 
is a similar manner to the above cases. The following members of the Committee and researchers 
attended for the discussion on the present work: 
   J. Osugi and Y. Takezaki (Kyoto Univ.); 
   I, Tanishita (Nihon Univ.); 
   T. Ivlakita and Y. Tanaka (Kobe Univ.); 
   K. ~Yatanabe and 9- Nagashima (Keio Univ.); 
   S. Takahashi (Tohoku UnivJ, 
to whom the authors wish to express incere gratitude for their valuable suggestions and discussions.
(Received ]fay 24, 7974) 
1) J. Osugi, Y. Takezaki and T. Sfakita, TGis loarnaf, 41, 60 (1971) 
2) K-Dale, F. Nataaabe aad hf. Lematsu, ibid., 43, 92 (1913)
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Survey and evaluation of P-V-T data
   There exist eleven and seven measurements on the P•1%-T relations of propane and propene, 
respectively, under high pressures. In Table 1, the authors, the temperature and pressure ranges, and 
reported numbers o[ isotherms are listed in the order of publishing year. 
        Table 1 Measurements ofRV•T properties ofpropane and propene under pressure
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   The original papers were carefully read through and examined [rom the viewpoint of the reliability 
of the reported data, by the same operations a<_ in the previous works'•'y. The final evaluation was 
performed by the Committee members and several researchers in this field as described above. 
   As the results, the set of data for propene by Michcls et u1.11 was considered to he the most reliable 
among them, and given the highest weight. The weight second to the above was given to two sets of 
data for propane by Reamer et al.rl and Cherney et al.°>. The weight third to the above was given to 
the sets of data for propane by Beanie et al.'> and for propene by \Sarchmaa et a1.1°>. The weight fourth 
     3) B. H. Sage, J. G. Schaafsma and W. S. Lacey, Ind. Eng. Chem.. 26, 1218 (1934) 
     ;) J. A. Bea[tie, R'. C. hay and J. Saminsky, !. timer. CGem. Saa, 59, 1189(1937) 
     3) 1V. N'. Deschner and G. G. Brown, Ind. Eng. Chem., 32, 836 (1940) 
     6) ]. H. Burgoyme. Proc. Roy, Sor., A 176, 280 (1940) 
     7) H. H. Reamer, B. H. Sage and W. N. Larey, ibid.. 41, 482 (1949) 
     8) B. J. Cherney, H. Afarchman and R. fork Jr., Ind. Eng, Clrem., 41, 2613 (1949)
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to the above was given to three sets of data for propaneby Sage et aha3, Ueschner e1 al.°3 and I•u°1, and 
to the set of data for propene by Fanington et a/.'°3. No weight was given to the remainders'"s'°> in 
which some data were reported only in the extremely high pressure ranges, or the data along saturated 
vapor pressures. and the data with scarce numbers of significant 5gure of data compared with the others, 
or the like.
Methods and results of correlation
   Fust, the P-1'-T data in original papers expressed in various forms were reduced [o the common 
expression Z with the SI units of pressure, volume and temperature: 
   compressibility factor, Z=PI'/RT, 
   pressure, P,.in lOs Pa (=1 bar=0.936923 atm), 
   specific volume, V, incma/mot. 
   temperature, T in P.• 
In these processes, the values of the atomic weights of carbon and hydrogen were adopted as C=12.011 
y--0.001 and H=1.008010.0003 (recommended by IIIPAC-1969). For the universal gas constant, R= 
33.143±0.004 (cm'•bar/R•mol), recommended by ItiPAC-23rd Conference, was adopted. The maxi-
mum relative uncertainties ofZ due to the uncertainties ofatomic weights, which amount o 1.2 X ]0-' 
for propane and propene are significantly loner than the experimental errors in the most precise 
measurement. Also, the relative uncertainty of Z due ro the uncertainty of R amounts to 5.3 x 10-°. 
nhich tan be neglected even for the most precise measurement. 
   It is difficult to estimate the elect of the impurities on Z. However, all of the samples used were 
reported to be pure above 99.9;X or above 99.7°' at least, except in the case of 93.2ig5 for propane 
by Deschner et al.°l, and Yhese impurities were the hydrocarbons such as ethane and ethene having 
similar P-V-T properties to.propane and propene. It is espected that the effect of impurities on Z is 
significantly little from these viewpoints. No correction •as made in the above calculation of Z and 
the considerations on purity wece taken into the evaluation together with other factors. 
   7n the present correlations of the compressibility factor of propane and propene, the so-rolled 
grid-point method used in the early works'•sl was employed predominantly. For the common and fixed 
grid-points of pressure and temperature, the following sets were employed: 
  temperature (°C): -25,.0, 2i, 50,•••••••^275 (interval of 25°C) 
     9) J. w• Stewart and R:.I. La Rock, 1. Ckenr. Pkys., 28. 42i (1958) 
     30) P. Diltmar, F. Schulz and G. Strese, Chenaie-/ng: Tecku..34, 437 (1962) 
     ii) F. \1'. Seeman and hi. urban, Erdoe! urcd 6ohle-Erdgar-Pelroclumie, I6, ili (1963) 
     12) L. C. Padre and R. j. Livingston, Rydrorarboa Processing and PetroleumRefiner. 43, 119 (1964) 
     13) P. Sliwinski, Z. Pkys. Ckenr. (Frmakfurt), 63, 263 (1969) 
     14) W. E. Vaughan and ti. R. Graves. /nd. Eng. Ckene, 32, 1252 (1940) 
     15) P.. S. Farrington and B. H. Sage, ibid., 41, 1734 (1949) 
     16), H, Marchman, H. W. Prengle, Jr. and R L. l[otard, ibid., 41, 2618 (1949) 
     t7) A• ~fichels, T. Nassenarr, P. Louwerse, R. J. Lunbeck and G. J. W"olkers, Phyrica, 19, 287 (1953) 
     18) S. L. Robertson and S. E. Babb, Jr., !. Chern, Plrys.. 51. 1357 (1969)
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  pressure (bar): 1, 5, 10, 20, 30,•••••••••200 (interval of'10 bar) 
                  200, 250, 300, •••••••••500 (interval of 50bar) 
                 500, 600, 700,•••••••••1000 (interval of loo bar).
   The values of T, at the above grid-points, 7.~. were obtained Crom the original data reported in 
respective works, when the data reported are not what were gained at one of the tommmr grid-point 
specified, the interpolation procedures were carried out along an isotherm or an isobar on a digital 
computer using the least squares method. The precaution was paid for this procedure in order to retain 
the experimental ccuracy for each original work. Then the mean value a[ each grid-point was calcu-
lated with the weights determined in the critical evaluation as described in the preceding section. The 
standard eviations a were also calculated by the following expression:
                                    a= 
                                      (n-1)~'+ne 
where, w,=the weight given, 
      Zr=the compressibility factor in the original work, 
      Z=the tabulated compressibility factor value.
       n=the number of data sources. 
   The weighted mean compressibility Cactor values obtained Eor propane and propene are shown in 
the regions enclosed with dashed-lines in Tables:2and 3, respectively, together wilh [heir standard 
deviations in brackets. Although every weighted mean value was determined independently of the 
adjacent values, the consistency among them was found to be satisfactory. Thus the committee recom-
mended these weighted mean values as the most probables. 
   For propane and propene, the reliable values of Zat 1 bar cannot be obtained by extrapolating the 
experimental values of T. at high pressures to 1 bar. The authors collected the reliable data of the ex-
perimental second and third virial coe0icienG, BT (in bar ') and CT (in bar-=) at low pressure for pro-
pane1r4••19'~t and propene"~"•'s~~1. Then using the expression: Z=1tBTP+CTP°, each value of 
Z at 1 bar and at each experimental temperature was wlculafed. Their equally weighted mean values 
a[ the grid-points on I bar were calculated applying the least square method to develop [he compres-
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F. R'. Jessen and J. A. Lightfood, Ind. Erg. Chem., 30, 312 (1938) 
F. L. Casado. D. S. Massie and R. ~Vhctlaw-Gra}-, J. Chem. Sot., 1949, 1746 (1949) 
D. S. Massie and R'hytlaw-Gray. ibid-, 1949. 2874 (1949) 
G. A. Bottomley, D. S. \Iassie and 15'hytlaw-Gray, Proc. Roy. Soc., A200, 201 (1930) 
C. B. Kretsthner and R. Wiebe, J. .4mer. CGem. Soc., 73, 3778 (1951) 
P. P. Daa•son, Jr. and J. J. lfcBetta, Petroleum Reftner, 39, 13I (1960) 
Sf. L. d1cGlasham and D. J. B. Potter; Prac. Roy. Soc., A 26'7, 478 (1962) 
N. Kappalo, N. Lond and K. Schae6er, Z. Plrys. Chem. (FrartkJurQ, 37, 196 (1963) 
J..4. Hu0 and T. M. Reed, d Chem. Eng. Data 8, 306 (1963) 
E. E. Roper, J. PGys. CGem_ 44, 835 (1940) 
H. W, Pfenning and J. J. ~IcKetta, Pelrolewn Refixer, 36, 309 (195i) 
\f, 1.. \ICGlasham and C. J. Wormald, Trans. Faraday Sac., 60, 646 (19fi4) 
D. McA. Jfnson and R. E. Eakin, J. Clrene. Eng. Data, 6, 499 (I96Q
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mended values of Z at the normal pressure, together with the standazd deviations. 
   Above 1 bzr, there was enly one source at each grid-point outside the dashed-lines in the tables, 
where the grid-point method could not be employed. The supplementary values of compressibility 
factor at these points were determined as follows. 
   For propane at -25 to 25°C and above 10 bar, and at I50°C and 2i0 bsr, the interpolation pro-
cedures were tarsied out along the isobar at common-fixed pressure value over [he temperature range 
to the points where the most probable Z values were already given- In the procedures. the sets of [he 
original data at their experimental temperatures were fitted together to the cubic or quaztic equations 
of temperature with the respective weights given in the Committee. And for propane at 2i0 and 275°C, 
up to 2i0 and 300 bar, the sets of the original data with their weightr given were fitted to the poly-
n nomials of pressure, Z=I +~ a„P", along the respective isotherms. Similarly, for propene a[ respec-
                              n-1 
Live temperatures, the interpolation procedures were carried out along the isotherms up to moderate 
pressures fitting the sets of the original data with the weights given to the same polynomials as above. 
   In all cases. the interpolated Z values were in excellent agreement with the most probable Z values 
and the deviations from the original data at the intended grid-points were less than the experimental 
errors reported by the original authors or evaluated by the Committee. Thus the interpolated values 
were recommended for the supplementary shown in the tables. Tioreover. the supplementary T. values
Table 4 Uncertainly of nbulatedL values for propane
Y ressu re Temperature K (~ 1
10° Pa 298.15 273.15 298.15 323.15 398.15 373.15 398.15 423-15 948.15 973.15 498.15 523.15 596.15
(-bar) h 251 rot ~~ 1501 0751 11001 (1251 II sol u75 12001 12z,1 (1501 12751
0.040: 0.040' 0.040; 0.040•: 0.040E 0.040: 0.040= 0.040: 0.040'° 0.09b: 0.040: 0.040: 0.040+
5 0.35 0.25 0.20 0.15 0.10 0.10 0.10 0.10 0.10 0.15 0.20
10 0.75 0.75 0.25 0.70 0.35 0.10 D.10 0.10 0.10 0.10 0.15 0.20
20 0.75 0.7i 0.75 0.50 0:50 0.10 0.10 0.10 0.15 0.15 0.15 0.20
30 075 0.75 0.75 0.95 0.30 0.10 a.lo 0.10 0.15 0.15 0.15 0.10
40 O.iO 0.50 0.50 0.40 0-30 0-15 0.10 0.10 0.15 0.15 0.15 0.20
50 0.45 0.45 0.45 0.35 0.35 0.30 O.IO 0.10 0.15 0.15 0.15 o.za
60 0.95 0.45 0.45 0.40 0.35 0.30 0.20 0.15 0.15 0.15 0.20 0.20
70 0.70 0.40 0.35 0.35 0.50 020 0.15 0.15 020 0.15
80 0.70 0.40 0.40 0.35 0.50 0.90 0.15 0.15 0.20 0.15
90 0.70 o.a0 0.50 035 0.40 0.50 025 o.la osa oss o.ls
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at -25.and 0°C together with the original data at 10 bar, for propane, were fitted to cubic equations of 
pressure. along the respective isotherms. Similar results as the above interpolations were ohtained on 
the agreement of the values by the equations with the data used, and these calculated values at IO bar 
were also tabulated forthe supplementary. 
   The original data sources are few at most of the grid-points for propane and propene. Thus the 
standard deviations calculated have little significance in regard to the statistical meaning aad they 
showed some unreasonable irregularities at some local grid-points practically. From these viewpoints. 
it is appropriate that the talues determined as below are adopted for the uncertainty or the tolerance 
instead of the standard deviations. The standard deviations were plotted in graph against pressures on 
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precautions to keep in harmony with those of the adjacent isotherms and to exceed reasonably all of the 
poinu of the standard eviations The values read from the curves were recommended asthe uncer-
tainties of the tabulated values of Z. They are sho~e•n in Tables 4 and 5, in the form of the percentage 
deviation calculated by the following definition: 
                              uncertaint IlIOXd                                  Y= Z
where o is the absolute value of uncertainty of Z estimated as above and Z is the tabulated compres-
sibility factor value. 
   The departures of the original data from the tabulated values were also calculated by: 
                         percentage departure=100(Z-Z) Z 
where Z is the compressibility factor interpolated from the original measurements and Z is [he tabulated 
compressibility factor value. Some of them are given in Figs. 1 and 2.
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